The aim of this study was to evaluate a nitrate reductase assay (NRA) performed on smear-positive sputa for the direct detection of rifampin resistance in Mycobacterium tuberculosis. A total of 213 smear-positive sputa with a positivity score of 1؉ or more (>1 acid-fast bacillus per field by fluorescence microscopy) were used in the study. The samples were decontaminated using the modified Petroff method, and portions of the resulting suspension were used to perform the NRA. The NRA results were compared with the reference indirect proportion method for 177 specimens for which comparable results were available. NRA results were obtained at day 10 for 15 specimens (9%), results for 88 specimens (50%) were obtained at day 14, results for 66 specimens (37%) were obtained at day 18, and results for the remaining 8 specimens (4%) were obtained at day 28. Thus, 96% of NRA results were obtained in 18 days. Of the 177 specimens, there was only one discrepancy (susceptible according to the NRA and resistant according to the indirect proportion method). NRA is simple to perform and provides a rapid, accurate, and cost-effective means for the detection of rifampin resistance in M. tuberculosis isolates.
Tuberculosis (TB) remains a major public health problem worldwide. In recent years, the incidence of TB has been rising. There is also an emergence of multidrug-resistant (MDR) tuberculosis (defined as resistance to at least rifampin [RMP] and isoniazid) that is worsening the impact of this disease (1, 4, 21) .
Previous studies suggest that RMP resistance could be a surrogate marker for multidrug resistance, especially in settings with a high prevalence of drug resistance (8, 18) . Therefore, the detection of resistance to this major anti-TB drug is essential for the optimal control of TB.
Conventional tests for the detection of drug resistance require several weeks to yield results (5) . Recently, alternative rapid methods have been developed (13) . Among them, the nitrate reductase assay (NRA) on Löwenstein-Jensen (LJ) medium is simple to perform and has been successfully implemented in low-income countries (7, 13, 14) . This test is based on the ability of Mycobacterium tuberculosis to reduce nitrate to nitrite, which is revealed as a color change in the culture medium, using the Griess method (10) . The indirect (using isolates) NRA yields results in less than 14 days but requires an initial 3 to 4 weeks for cultivation of the isolate (7, 13, 14) .
So far, only a few studies have evaluated the NRA applied directly to sputum samples. The results of these studies (which were done in high-incidence settings) were concordant with results obtained by the reference method (15, 17) . However, to our knowledge, no direct NRA study has been done in a setting with low resistance prevalence or in Africa, where there is potentially a high frequency of nitrate reductase-negative M. tuberculosis complex strains (11, 12) .
The objective of this study was to evaluate NRA applied directly to smear-positive sputa in the West African country of Benin in order to rapidly detect M. tuberculosis complex resistance to RMP.
MATERIALS AND METHODS
Setting. Our laboratory is the mycobacteriology reference laboratory for Benin. It receives samples from patients living in Cotonou and suburbs and also from neighboring countries. External quality control of the laboratory is performed by the Institute of Tropical Medicine (ITM), Antwerp, Belgium.
Specimen processing. From January to November 2006, a total of 213 smearpositive sputa from new and previously treated patients, with a positivity score of 1ϩ or more (Ͼ1 acid-fast bacillus [AFB] per field by fluorescence microscopy [magnification, ϫ250]) were collected (20) . The samples (one per patient) were processed using the modified Petroff digestion decontamination method (19) . The sediment was resuspended in 1 ml of sterile distilled water, and portions were inoculated into NRA drug susceptibility testing medium and into an LJ tube without nitrate, which was later used for the indirect proportion method (IPM).
Direct NRA drug susceptibility test. The NRA was performed as described previously by Musa et al. (15) . We used standard LJ medium with 1,000 g of potassium nitrate (KNO 3 )/ml and with or without RMP. For LJ medium with RMP, the critical concentration of 40 g/ml was used. Before NRA, part of the decontaminated suspension was diluted 1:10 in sterile distilled water. For each specimen, 0.2 ml of the undiluted suspension was inoculated into LJ medium containing KNO 3 and RMP, and 0.2 ml of the 1:10 dilution was inoculated into four drug-free LJ medium tubes containing KNO 3 . The tubes were incubated at 37°C.
The assay was performed as described previously by Angeby et al. (3) . After 10 days of incubation, 0.5 ml of freshly prepared reagent mixture (1 part 50% concentrated hydrochloric acid, 2 parts 0.2% sulfanilamide, and 2 parts 0.1% n-1-naphtylethylenediamine dihydrochloride) was added to one drug-free tube. If any color appeared, the tube with RMP was developed with the reagent mixture. Otherwise, the other tubes were reincubated, and the procedure was repeated at day 14, day 18, and finally at day 28. An isolate was considered to be resistant if there was a color change in the RMP tube equal or greater than that in the 1:10-diluted growth control. An isolate was considered to be susceptible if there was no color change or a color change less than that in the 1:10-diluted growth control. NRA was considered to be invalid if the nitrate reaction was negative in the drug-free medium at day 28 despite the presence of colonies.
IPM. An LJ tube without nitrate was inoculated with 0.2 ml of undiluted decontaminated suspension and incubated for up to 42 days. Isolates from this tube were used for IPM blindly performed using LJ medium according to standard procedures, with a critical RMP concentration of 40 g/ml (6).
Quality control. For each batch of medium, internal quality control was done using the fully susceptible M. tuberculosis strain H37Rv and a known MDR M. tuberculosis isolate. External quality control was done at the ITM on one-quarter of isolates of the study and yielded complete agreement.
Sequencing. On the isolate with discordant result, rpoB gene sequencing was performed at the ITM as described previously (16) .
Data analysis. The performance of the NRA in comparison with that of the IPM was evaluated in terms of sensitivity (ability to detect true resistance) and specificity (ability to detect true susceptibility). The agreement between the two methods, estimated by the kappa value, was interpreted as follows: Ͻ0.2, poor; 0.21 to 0.4, fair; 0.41 to 0.6, moderate; 0.61 to 0.8, good; Ն0.81, excellent (1) . Predictive values were calculated by using the prevalence of RMP resistance in all TB cases in Cotonou (2; D. Affolabi, unpublished data).
RESULTS
Of the 213 specimens processed, the NRA was completed for 177 of them. The remaining 36 specimens were culture negative (25 samples, 2 of which had an AFB score of 3ϩ, 16 of which had a score of 2ϩ, and 7 of which had a score of 1ϩ), were contaminated (five samples), or gave invalid results (six samples).
AFB results for the 177 sputum specimens were 1ϩ for 32 (18%) specimens, 2ϩ for 110 (62%) specimens, and 3ϩ for 35 (20%) specimens.
NRA results were obtained at day 10 for 15 specimens (9%), and results were obtained for 88 (50%) specimens at day 14, 66 (37%) specimens at day 18, and the remaining 8 (4%) specimens at day 28. Thus, 96% of NRA results were obtained in 18 days.
The comparison of NRA and IPM (Table 1) showed a discrepancy for one specimen, which was susceptible to RMP by NRA but resistant by IPM. For this specimen, only IPM was repeated and showed the same result. It was not possible to retest the sputum specimen with the NRA since the IPM result was available after 10 weeks.
In this isolate, rpoB sequencing showed a deletion of codon 518 of the rpoB gene. Based on these data, the sensitivity and specificity were 87.5% and 100%, respectively. Moreover, using the prevalence of RMP resistance in our setting (10%), negative predictive values and positive predictive values were 98.6% and 100%, respectively (Affolabi, unpublished).
DISCUSSION
To our knowledge, this is the first evaluation of the direct NRA in Africa, where some previous studies suggested a high frequency of nitrate reductase-negative M. tuberculosis leading to an invalid NRA result (11, 12) . In our case, only 3% of specimens yielded an invalid result. The six isolates cultivated from these specimens were all identified as belonging to the M. tuberculosis complex. This low frequency of nitrate-negative M. tuberculosis was also found previously by Martin et al. (14) . For these specimens, another drug susceptibility test is warranted.
NRA is simple to perform and does not require additional equipment and reagents besides those used for IPM. Moreover, biosafety problems are limited because of the use of solid medium. The NRA was therefore easy to implement in our laboratory.
In this study, 96% of the results were obtained in 18 days. This represents an advantage, since indirect methods require 21 to 28 days for primary isolation prior to performing the drug sensitivity test and about 28 to 42 additional days for the final results. Moreover, NRA can be performed on smear-positive sputa with low positivity of AFB (1ϩ or 2ϩ). In our study, these sputa represented 80% of the samples. Therefore, it is not necessary to perform the NRA in highly-smear-positive sputa (3ϩ), as for the direct proportion method (15) . Moreover, the turnaround time for the NRA is lower than that of the direct proportion method, which can take up to 40 days to give a final result (15) . As shown in Table 1 , there was an excellent concordance between the NRA and the IPM. In addition, the specificity was excellent (100%). However, out of the eight isolates found to be resistant by the IPM, one was found to be sensitive by the NRA. Therefore, the sensitivity of the test was 87.5%. The use of sequencing in this study confirmed that the NRA gave a truly falsely susceptible result. The observed AAC deletion at codon 518 is rare but was previously described as being associated with RMP resistance (22) . The AFB smear result of the discordant specimen was 2ϩ. Solis et al., who also tested low-and high-degree AFB-positive sputa (17) , also found some falsely susceptible specimens, contrary to data reported previously by Musa et al., who tested only highly positive sputa and did not find any discordant results (15) . Further studies are needed to improve the NRA for drug susceptibility testing of RMP on low-smear-positive sputa.
Other antibiotics could also be tested in our setting to assess the usefulness of this rapid method. Moreover, although nitrate-positive mycobacteria other than TB occur less frequently in sputum, these species can be identified by testing their susceptibility to p-nitrobenzoic acid. The direct NRA can therefore be complemented with p-nitrobenzoic acid to confirm the presence of M. tuberculosis complex isolates (9).
In conclusion, the NRA is simple to perform and provides a rapid, accurate, and cost-effective means for the detection of RMP resistance in M. tuberculosis. However, further studies are needed to improve its sensitivity in our setting.
